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Description

The present invention relates to a thermal ink-jet
printhead with an improved heater arrangement and
a method of generating homogeneous or spontane-
ous nucleation using the heater arrangement.

Ink-jet printing technologies have been devel-
oped and there are several printers on the market
which successfully employ the sudden growth of a va-
por bubble to eject a minute droplet of ink toward a
sheet of paper or the like. Ink-jet recording features
inherently quiet printing in that nothing strikes a pa-
per except the ink.

One of conventional ink-jet recording technolo-
gies is disclosed in Japanese Patent Application No.
53-101189 which was published for opposition pur-
poses on December 18, 1986 under publication No.
61-59914. The above-mentioned Japanese Patent
Application was filed in the United States claiming
Convention Priority under U.S. serial No. 827,489,
which was granted February 2, 1988 and assigned
U.S. patent No. 4,723,129. This known technique is
characterized by a multi-orifice ink-jet printhead with
a simple structure and a high-speed recording on a
plain paper.

Before turning to the present invention it is
deemed advantageous to briefly discuss a known
printhead arrangement which is disclosed in the
above-mentioned Japanese patent application with
reference to Figs. 1 to 4.

Fig. 1 is a partially sectioned view showing an in-
ternal structure of an ink-jet printhead 10. A heat-
generating resistor or heating element 12 is provided
on a heat accumulating layer 14 which has been
evenly deposited on a substrate (viz., base plate) 16
through the use of evaporation, plating or the like
technique. Electrodes 18, 20 are coupled to the heat-
ing element 12 and apply electrical currents thereto.
The heating element 12 and the electrodes 18, 20 are
covered with a protective layer 22. According to the
description in the above-mentioned U.S. patent No.
4,723,129, the protective layer 22 is to prevent elec-
tric leaking from one of the electrodes (18 or 20) to
the other through a liquid 24 and/or to prevent the ele-
ments 12, 18 and 20 from being contaminated by the
liquid 24.

An ink supply chamber 26 is formed by a cover
plate 28, a chamber lid 30 and the substrate 16. The
ink supply chamber 26 communicates with each of a
plurality of nozzles (only one is shown in the drawing
and is designated by reference numeral 32) which is
defined between the substrate 16 and the cover plate
28. Each of the nozzles communicates with an ink
supply pipe (not shown).

The aforesaid prior art makes the use of film boil-
ing for ejecting a droplet of ink, the thermal excitation
mechanism of which has been discussed with refer-
ence to a boiling curve shown in Fig. 2.
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In Fig. 2, "dT" on the abscissa indicates a temper-
ature difference between a surface temperature Tr of
the heating element 12 and a boiling temperature Tb
of the liquid, while a heat flux "Et" transferred from
the heating element 12 to the liquid 24 is represented
by the ordinate. The boiling curve shows that sudden
boiling is induced when the temperature difference
dT exceeds a region A-B. Nuclei boiling occurs in a
region B-C-D while film boiling takes place in aregion
E-F-G. As mentioned above, the prior art makes the
use of film boiling, which occurs at a point E, by heat-
ing the liquid in the vicinity of the heating element 12
in the order of A>B—C—D—E. When the film boiling
occurs, a film vapor is induced on the surface of the
heating element 12 and prevents the heat transfer
from the heating element 12 to the liquid surrounding
the film vapor. Thus, the film vapor is volumetrically
decreased due to adiabatic phenomenon and is
forced to collapse at a high speed.

Fig. 3 is a close-up sectional view of the heating
element 12 and the vicinities thereof of Fig. 2, while
Fig. 4 is a sectional view taken along a section line X-
X’ of Fig. 3. The dimensions of each of the members
of Fig. 3 are not precisely shown and, the thickness
of the heating element 12 is in fact ten to fifty times
that of each of the electrodes 18, 20. Such a large dif-
ference in thickness tends to cause undesirable
cracks in the contacting portions 40 between the re-
sistor 12 and the electrodes 18 and 20, due to the
thermal stresses caused by repeated cycle of heating
and cooling of the resistor (heating element) 12. More
specifically, such undesirable cracks are caused by
the differences of coefficients of linear expansions of
the members 12, 18 and 20.

As referred to above, the prior art utilizes film
boiling for ejecting a droplet of ink by heating along
with the points A>B—C—D—E. This causes separa-
tion of ink from the heating surface at the point E, and
thus the heat flux transition efficiency to the liquid
abruptly drops. Accordingly, the surface temperature
of the heating element 12 rises abruptly and hence a
so-called dry-out phenomenon is induced on the sur-
face of the heating element 12. Therefore, the prior
art has encountered the drawback in that the heating
element 12 is degraded due to the dry-out phenom-
ena.

Film boiling is caused by heterogeneous nuclea-
tion due to very minute gas bubbles formed on the
heater surface irregularities (scratches, fine cavities,
for example). These gas bubbles are called nuclea-
tion sites. The heterogeneous nuclei are observed at
an early stage of heating and grow relatively slowly
and, accordingly, the prior art is inherently suffered
from the difficulty that heat flux transition from the
heater surface to an activated liquid layer formed just
thereabove is insufficient.
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SUMMARY OF THE INVENTION

It is an object of the present invention to provide
an improved heater arrangement which overcomes
the difficulties encountered in the above-mentioned
prior art and hence is particularly suitable for thermal
ink-jet printing applications.

Another object of the present invention is to pro-
vide an improved heater arrangement which is dur-
able to extremely high heating applications and
hence is well suited for thermal ink-jet printing using
spontaneous or homogeneous nucleations.

Another object of the present invention is to pro-
vide a method by which the difficulties inherent in the
above-mentioned prior art are overcome.

Still another object of the present invention is to
provide a method which is well suited for spontaneous
or homogeneous nucleation.

In brief, the above object is achieved by a method
wherein a thermal ink-jet type printhead is disclosed
which comprises a strip-like thin metallic layer formed
on a substrate. The layer is configured so as to define
a narrow portion which is positioned between broad
portions. The narrow portion defines a heating ele-
ment which is integral with the broad portions which
act as electrodes. Heating electrical pulses are sup-
plied to the narrow heater portion via the electrodes.
The heater arrangement is durable to thermal stress-
es generated by super heating and, accordingly is
well suited for spontaneous or homogeneous nuclea-
tion.

More specifically a first aspect of the present in-
vention comes in a heater arrangement for use in a
thermal ink-jet type printhead, comprising: a sub-
strate; a thin metallic layer formed on said substrate,
said thin metallic layer being configured so as to de-
fine a narrow portion which is located between broad
portions, the narrow portion defining a heating ele-
ment which is integral with the broad portions which
act as electrodes via which currents are supplied to
the narrow heater portion.

A second aspect of the present invention comes
in a thermal ink-jet type print head which comprises:
an orifice plate in which at least one orifice is formed;
a substrate which is disposed adjacent the orifice
plate in a manner to define a space in which ink can
be supplied; a metallic layer formed on the surface of
said substrate so as to be exposed to said space, said
metallic layer defining integral heater element and
electrodes, said heater element being configured
such that the width of said heater element is narrower
than the width of each of the electrodes.

A third aspect of the present invention comes in
a method of operating a thermal ink-jet type print
head which includes a substrate, a strip-like thin met-
allic layer formed on said substrate, said strip-like
thin metallic layer being configured so as to define a
narrow portion which is located between broad por-
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tions, the narrow portion defining a heating element
which is integral with the broad portions which act as
electrodes via which currents are supplied to the nar-
row heater portion, the method comprising the steps
of: applying a current to the heating element in a man-
ner to heat the same in a range from 108 to 10 °C/sec
so as to transfer heat energy from the heating ele-
ment to an ink at a rate of 107 to 108 MW/m? over a
time period less than 10 ps and to achieve homoge-
neous nucleation via which a bubble of gas is pro-
duced and induces a droplet of ink to be ejected from
a nozzle located adjacent the heating element.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the present in-
vention will become more clearly appreciated from
the following description taken in conjunction with the
accompanying drawings in which like elements are
denoted by like reference numerals and in which:

Fig. 1 is a sectional view of the known thermal

ink-jet recording head referred to in the opening

paragraphs of the instant specification;

Fig. 2 is a plot of boiling curve describing the op-

eration of the arrangement shown in Fig. 1;

Fig. 3 is an enlarged sectional view of a portion

of the arrangement shown in Fig. 1;

Fig. 4 is a sectional view taken along a section

line X-X' of Fig. 3;

Fig.5(A) is a plan view of a preferred embodiment

of the present invention;

Fig. 5(B) is a sectional view taken along a section

line A-A’ of Fig. 5(A);

Fig. 5(C) is a cross sectional view taken along a

section line B-B’ of Fig. 5(A);

Figs. 6(A) to 6(C) show the thermal excitation

mechanism for explaining the present invention;

Figs 7(A) and 7(B) show an application of the

present invention in the form of a ink-jet printhead

for line printing; and

Fig. 8 is a cross sectional view for showing a va-

riant of the present invention wherein a pair of

pressure walls is provided at both side of a heat-
ing element.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Before discussing the present invention, liquid
superheating and the subsequent occurrence of ho-
mogeneous nucleation will briefly be described.

It is known that the transient heat-transfer char-
acteristics in any liquid depend strongly on the heat-
ing rate of a heating element immersed in the liquid.
For very high heating rates, neither natural convec-
tion nor heterogeneous nucleation have time to de-
velop, and the superheating of the liquid immediately
adjacent to the heater surface takes place solely due
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to thermal conduction prior to the onset of homoge-
neous nucleation in the superheated liquid layer. Be-
cause of the shorttimes involved, heterogeneous nu-
cleation from the heater surface irregularities, such
as grain boundaries, ledges, cracks, and scratches,
does not have time to develop.

As aresult of very rapid temperature rise, the lig-
uid becomes highly superheated for short time peri-
ods and then induces homogeneous nucleation with-
in a liquid layer (viz., activated liquid layer) adjacent
to the heater surface.

The present invention discussed hereinlater is
characterized in that an extremely high heating rate
can be applied without any damage to a heater.

Fig. 5(A) is a plan view of an embodiment of the
present invention wherein part of a heating arrange-
ment 50 is illustrated. Figs. 5(B) and 5(C) are section-
al views taken along section lines A-A’ and B-B' of
Fig. 5(A), respectively.

In Fig. 5(A), the heater arrangement 50 is com-
prised of a substrate 52 and a thin film 54 which may
be deposited thereon using sputtering, integrated cir-
cuit (IC) fabricating techniques or the like. The thin
film 54 is divided into three sections: a heating ele-
ment 56 and electrodes 58a, 58b. The substrate 52
is made of quartz glass which has a high glass tran-
sition temperature. As an alternative, non-alkali glass
is also available such as a type "NA40" manufactured
by Asahi Glass Corporation or a type "7059" by Corn-
ing Glass Corporation merely by way of example.

As mentioned above, the center portion of the
thin film 54 serves as the heating element 56 to which
a heating pulse is applied through the electrodes 58a,
58b. The thin film 54 has a thickness (T,) ranging
from 500 to 5000 A. The heating element 56 has a
length (L1) ranging from 10 to 500 um and a width (L2)
of from 10 to 50 um, while each of the electrodes 58a,
58b provided at the both end of the heating element
56 has a width (L3) ranging from 100 to 500 pm.

The thin film 54 is made of alloy, oxides, nitrides
or borides of titanium (Ti), tantalum (Ta), tungsten
(W), niobium (Nb), chromium (Cr), hafnium (Hf), zirco-
nium (Zr) and nickel (Ni), by way of example.

The heating element 56 has end portions which
gradually and outwardly expand and are integrated
with the corresponding ends of the electrodes 58a,
58b. This configuration enables heating currents to
disperse in the vicinity of the boundaries of the heat-
ing element 56 and the electrodes 58a, 58b, so that
undesirable thermal stresses induced in the heating
element 56 can effectively be dispersed.

The heating element 56 and the electrodes 58a,
58b are formed by a single thin film of the same metal.
In other words, there exists no laminated portions or
interfaces of different metals at the boundaries be-
tween the heating element 56 and the electrodes
58a, 58b as in the prior art discussed above. Accord-
ingly even if the heating element 56 is subjected to re-
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peated applications of superheating pulses, cracks
do not form at the boundaries of the heating element
56 and the electrodes 58a, 58b.

With the arrangement shown in Fig. 5(A), accord-
ing to the inventors’ experiments, the heater ar-
rangement 50 suffered from no practical damages
(viz., cracks) under the following conditions: (a) the
heating element 56 was heated up at an extremely
high rate in the range from 106 to 10° °C/sec and (b)
heat fluxes (viz., heat energy) were transferred from
the surface of the heating element 56 to the liquid at
a rate ranging from 107 to 108 MW (Mega Watt)/m2.
The time duration of each of the heating pulses ap-
plied to the heating element 56, was less than 10 ps.
As illustratively shown in Figs. 6(A), 6(B) and 6(C), it
was observed that an infinitesimally thin vapor layer
60 covered the heating element 56 (viz., homogene-
ous or spontaneous nucleation) immediately after the
heat pulse was applied, a plurality of small bubbles 62
formed (Fig. 6(B)) and agglomerated into a single
bubble 64 (Fig. 6(C)) and resulted in the ejection of an
ink droplet 66 through an orifice 68 formed in a plate
70. It is known in the art that such a sudden bubble
growth under homogeneous nucleation causes drop-
lets to be ejected at a high speed with high repetition
rate.

In contrast, the inventors’ experiments showed
that the contact portions 40 of the prior art (Fig. 3)
were subject to serious damages when such an ex-
tremely high heating rate is applied 104 times to the
heating element 12 with the same high heat flux
transfer to the liquid as used in the above experiment.

Fig. 7(A) is a plan view of an application of the
present invention, while Fig. 7(B) is a close-up plan
view of a portion 79 (enclosed by a broken line) of Fig.
7(A). This arrangement includes a plurality of the hea-
ter arrangements 50 (Fig. 5(A)) which are arrayed as
shown on the substrate 52 and each of which has end
portions coupled to a grounded conductive film 80
and an associated electrode pad 82. The pattern (of
the heater arrangement 50 and the electrodes 80,
82), are formed on the substrate 52 using a conven-
tional IC fabrication technique, sputtering or the like.
An orifice plate (not shown), which is previously pro-
vided with a plurality of orifices, is positioned close to
the substrate 52 such that: (a) the main surfaces
thereof are parallel and (b) the orifices and the cor-
responding heating elements are aligned. For exam-
ple, the orifice plate is provided with a plurality of
spacers at suitable positions and also with elongated
projections along the peripheries thereof for defining
a space in combination with the substrate 52. The
space is filled with a liquid (ink) supplied from a suit-
able liquid reservoir via a passage (both not shown).
The number of the heating elements 56 provided on
the substrate 52 is 200 to 300 per inch, for example.

With the above described construction, a line
printing head for paper having a width of more than
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about 20 cm, can easily be produced at a relatively
low cost.

The cross section of the orifices or nozzles used
in combination with the inventive heater arrange-
ment, may be a circular, however, the use of various
other nozzle configurations such as those disclosed
in Japanese patent applications provisionally publish-
ed under publication Nos. 62-253456, 63-182152, 63-
197653, 63-27257, 1-97654 and 2-76744, are within
the scope of the present invention. Particularly, the
orifice plate with an array of slit nozzles, such as dis-
closed in the above-mentioned provisional publica-
tions 62-253456, 63-182152 and 1-97654, is suitable
for alignment of a nozzle and the corresponding in-
ventive heater arrangement.

As mentioned above, the heater arrangement 50
can be prepared by conventional IC processes and
hence manufacturing costs are very low. Accordingly,
a disposable line printing head can be realized. Thus,
the nozzle blocking problem which is inherent with
ink-jet type printers can be solved through the use of
what can be looked upon as being a disposable print-
head.

The heater arrangement 50 is preferably covered
with ink-resistance passivation film of SiO, or SizN,
with a thickness ranging from 1000 to 50000 A. As an
alternative, a protective film of Au or Pt may be pro-
vided on the heater arrangement 50.

Fig. 8 is a cross sectional view of a modification
of the present invention. As shown, a pair of pressure
walls 90a, 90b is provided for effectively directing
pressure waves caused by bubble growth toward the
nozzle 68. The provision of such pressure walls in a
thermal ink-jet type printhead, has been disclosed in
Japanese patent application No. 62-108333 provi-
sionally published under publication No. 63-272557
on November 10, 1988. The walls are made of photo-
sensitive polyimide resin and deposited on the sub-
strate 52 using photolithography, for example.

While the foregoing description describes one
type of heater construction, the various alternatives
and modifications possible without departing from
the scope of the present Claims, will be apparent to
those skilled in the art.

Claims

1. Aheater arrangement for use in a thermal ink-jet
type printhead, comprising:

a substrate (52);

a thin metallic layer (54) formed on said
substrate, said thin metallic layer being config-
ured so as to define a narrow portion (56) which
is located between broad portions (58a, 58b), the
narrow portion defining a heating element which
is integral with the broad portions which act as
electrodes via which currents are supplied to the
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narrow heater portion.

2. A heater arrangement as claimed in claim 1,
wherein said narrow portion has end portions
which gradually and outwardly expand and are in-
tegrated with the broad portions.

3. Athermal ink-jet type print head having

an orifice plate (70) in which at least one
orifice (68) is formed;

a substrate (52) which is disposed adja-
cent the orifice plate in a manner to define a
space in which ink can be supplied; and

a metallic layer (54) formed on the surface
of said substrate so as to be exposed to said
space, said metallic layer defining integral heater
element and electrodes, said heater element be-
ing configured such that the width of said heater
element is narrower than the width of each of the
electrodes.

4. A print head as claimed in claim 3, wherein said
heater element has end portions which gradually
and outwardly expand and are integrated with
said electrodes.

5. Amethod of operating a thermal ink-jet type print
head which includes a substrate (52), a strip-like
thin metallic layer (54) formed on said substrate,
said strip-like thin metallic layer being configured
s0 as to define a narrow portion (56) which is lo-
cated between broad portions (58a, 58b), the
narrow portion defining a heating element which
is integral with the broad portions which act as
electrodes via which currents are supplied to the
narrow heater portion, the method comprising
the steps of:

applying a current to the heating element
in a manner to heat the same in a range from 10¢
to 10° °C/sec so as to transfer heat energy from
the heating element to an ink at a rate of 107 to
108 MW/m?2 over a time period less than 10 us and
to achieve homogeneous nucleation via which a
bubble of gas is produced and induces a droplet
of ink to be ejected from a nozzle located adja-
cent the heating element.

Patentanspriiche

1. Heizelementanordnung zur Verwendung in ei-
nem Warmetintenstrahldruckkopf mit:
einem Substrat (52);
einer auf dem Substrat ausgebildeten diinnen
Metallschicht (64), wobei die diinne Metallschicht
so gestaltet ist, daB sie einen zwischen breiten
Abschnitten (58a, 58b) angeordneten schmalen
Abschnitt (56) definiert, wobei der schmale Ab-
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schnitt ein Heizelement definiert, das in einem
Stilick mit den breiten Abschnitten ausgebildetist,
die als Elektroden wirken, liber die Stréme zu
dem schmalen Heizelementabschnitt gefiihrt
werden.

Heizelementanordnung nach Anspruch 1, wobei
der schmale Abschnitt Endabschnitte hat, die
sich allméhlich nach aufen verdicken und mit
den breiten Abschnitten in einem Stiick ausgebil-
det sind.

Warmetintenstrahldruckkopf mit:

einer Offnungsplatte (70), in der mindestens eine
Offnung (68) ausgebildet ist;

einem Substrat (52), das neben der Offnungs-
platte auf eine Weise angeordnet ist, dal® es ei-
nen Raum definiert, in den Tinte gefiihrt werden
kann; und

einer auf der Oberfldche des Substrats so aus-
gebildeten Metallschicht (54), dal sie zu dem
Raum freiliegt, wobei die Metallschicht ein Heiz-
element und Elektroden in einem Stiick definiert
und wobei das Heizelement so gestaltet ist, daR®
die Breite des Heizelements schmaler als die
Breite der jeweiligen Elektroden ist.

Druckkopf nach Anspruch 3, wobei das Heizele-
ment Endabschnitte hat, die sich allmé&hlich nach
aulen verdicken und mit den Elektroden in einem
Stiick ausgebildet sind.

Verfahren zum Betreiben eines Warmetinten-
strahldruckkopfs mit einem Substrat (52), einer
auf dem Substrat ausgebildeten streifenartigen
diinnen Metallschicht (54), wobei die streifenar-
tige diinne Metallschicht so gestaltet ist, daB sie
einen zwischen breiten Abschnitten (58a, 58b)
angeordneten schmalen Abschnitt (56) definiert,
der schmale Abschnitt ein Heizelement definiert,
das in einem Stiick mit den breiten Abschnitten
ausgebildet ist, die als Elektroden wirken, iiber
die Strome zu dem schmalen Heizelementab-
schnitt gefiihrt werden, und das Verfahren die
Schritte aufweist:

Anlegen eines Stroms an das Heizelement, damit
es in einem Bereich von 108 bis 10° °C/s erwarmt
wird, um Warmeenergie von dem Heizelement
auf eine Tinte mit einer Rate von 107 bis 108
MW/m2 iiber eine Zeitspanne von weniger als 10
us zu ilibertragen und um eine homogene Keim-
bildung zu erreichen, durch die eine Gasblase er-
zeugt und das AusstoRen eines Tintentrépfchens
aus einer neben dem Heizelement angeordneten
Diise bewirkt wird.
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10

Revendications

Agencement de filament chauffant pour utilisa-
tion dans une téte d'impression thermique du
type a jet d’encre, comprenant :

un substrat (52),

une mince couche métallique (54) formée
sur ledit substrat, ladite mince couche métallique
étant configurée de fagon a définir une partie
étroite (56) qui est située entre des parties larges
(58a, 58b), la partie étroite définissant un élé-
ment chauffant qui est formé solidairement avec
les parties larges, lesquelles agissent comme
électrodes atraverslesquelles des courants sont
appliqués a la partie étroite des filaments chauf-
fants.

Agencement de filament chauffant selon la re-
vendication 1, dans lequel ladite partie étroite
posséde des parties d’extrémité qui se dilatent
progressivement en direction de I'extérieur et
sont intégrées dans les partie larges.

Téte d’impression thermique du type a jet d’en-
cre comprenant :

une plaque a orifices (70) dans laquelle
est formé au moins un orifice (68),

un substrat (52) qui est disposé adjacent
a la plaque a orifices de maniére a définir un es-
pace dans lequel I'’encre peut étre délivrée, et

une couche métallique (54) formée sur la
surface dudit substrat de maniére a étre exposée
audit espace, ladite couche métallique définis-
sant un élément chauffant et des électrodes for-
més solidairement, ledit élément chauffant étant
configuré de maniére telle que la largeur dudit
élément chauffant est plus étroite que la largeur
de chacune des électrodes.

Téte d’'impression selon la revendication 3, dans
laquelle ledit élément chauffant posséde des par-
ties d’extrémité qui se dilatentd’'une maniére pro-
gressive en direction de I'extérieur et sont solidai-
res desdites électrodes.

Procédé d’activation d'une téte d'impression
thermique du type a jet d’encre qui comprend un
substrat (52), une mince couche métallique du
type bande (54) formée sur ledit substrat, ladite
mince couche métallique du type bande étant
configurée de fagon a définir une partie étroite
(56) formée entre des parties larges (58a, 85b),
la partie étroite définissant un élément chauffant
qui est solidaire des parties larges, lesquelles
agissent comme électrodes par I'intermédiaire
desquelles des courants sont appliqués a la par-
tie chauffante étroite, le procédé comprenant les
étapes consistant a :
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appliquer un courant a I’élément chauffant
d’'une maniére telle a chauffer celui-ci dans une
plage comprise entre 108 et 10%°C/sec pour
transférer I'énergie thermique provenant de I'élé-
ment chauffant sur une encre a une vitesse
comprise entre 107 et 108 MW/m2 pendant une
durée inférieure a 10 ps et a réaliser une nucléa-
tion homogéne via laquelle une bulle gazeuse est
produite induisant une gouttelette d’encre a étre
éjectée d'une buse située adjacente a I'élément
chauffant.
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FIG.1
(PRIOR ART)
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